Sardinian man-made lakes are reservoirs of species richness, hosting zooplankton taxa from the Mediterranean region and North Africa. To provide a first record of the taxa composition and diversity of zooplankton communities, we sampled 15 reservoirs during 2008-2009, from the north of the island to the south, representative of a range of size, depth, renewal time, and trophy. The survey was complemented by seasonal sampling in one of the largest lakes studied. Water samples collected from surface to bottom provided data on hydrochemistry and trophy. Crustacean dormant stages were inspected from sediments of the richest, and most diverse, Lake Sos Canales. RDA suggested that productivity, water depth, renewal time and altitude were the main variables related to taxa composition. The ubiquitous Copidodiaptomus numidicus, and its persistence in the water column, resulted from the production of subitaneous eggs throughout the year, an adaptive strategy in perennial water bodies. Genetic analyses of DNA sequences of the diagnostic gene ND5 placed the Sardinian Daphnia pulex in the North American group. Moreover, the ND5 sequence found in Sardinia was identical with that of an asexual hybrid clone between the American D. pulex and American D. pulicaria that replaced native D. pulex throughout Africa. The presence of this ND5 haplotype in Sardinia shows that this invasive clone also poses an invasive threat to native populations in Europe.
Introduction
Freshwater zooplankton taxa composition, richness and diversity are mainly influenced by geographical and morphoedaphic characteristics (Hobaek et al. 2002) . The Mediterranean Region represents an important biodiversity spot, in which freshwater environments host endemic as well as cosmopolitan taxa (Marrone et al. 2006a) . Located in the central part of the Mediterranean Basin, Sardinia is of great significance for the biodiversity of aquatic species, in both temporary ponds and perennial water bodies. So far, zooplankton studies in Sardinia have mainly focused on ponds, with reservoirs only occasionally being investigated. The latter are the only perennial water bodies in Sardinia, as in most Mediterranean Region. Because they are often used as a drinking water supply, they have mainly been monitored for hydrochemistry and primary productivity, with a view to promoting sustainable exploitation (Sechi & Cossu 1979; Sechi & Lugliè 1992) .
In a first attempt to provide a record of crustacean zooplankton taxa richness and diversity, we sampled zooplankton from 15 reservoirs from northern to southern Sardinia, representative of the main river basins, and of different size, depth, renewal time, and produc-tivity. As a general rule, lake size is positively correlated with zooplankton species richness (Dodson 1992) . Shape, in particular how elongated a reservoir is, may also be important: longitudinal gradients in canyonshaped reservoirs provide opportunities for spatial segregation of species and hybrid zones (Seďa et al. 2007; Petrusek et al. 2008a) . Lake depth is also important, since deeper lakes should allow more room for vertical niche segregation (Størm 1946) . In reservoirs, in addition to these factors, zooplankton taxa richness and diversity are also related to water renewal time (Tundisi et al. 1998) , which is affected by both natural and human-driven impacts. Trophy is also known to influence planktonic crustacean diversity, with a decline of diversity and richness at high productivity levels (Mittelbach et al. 2001 ).
Sampling at a single time is not sufficient to cover the local biodiversity but, given the constraints, we sampled a number of sites representative of different characteristics, in a "space per time approach", successfully applied for other sites in Europe (e.g., for alpine lakes as part of the EMERGE Project; Tolotti et al. 2006) , which was complemented with additional information on the seasonal dynamics of the second largest reservoir. Seasonality is much more pronounced in Mediterranean reservoirs than in natural deep lakes of other regions, as a result of human activities and the climate.
In highly variable aquatic environments, zooplankton often produces resting stages that represent a pool from which active specimens are recruited over the seasons. Analysis of resting egg bank may provide additional data on local species richness, which cannot be covered by one-time sampling. To account for this aspect, the resting stages preserved in the sediments in one of the more diverse reservoirs were analyzed, in an attempt to characterize potential biodiversity and estimate vulnerability to biodiversity loss.
Crustaceans were determined using identification keys based on morphological characters (see Material and methods). The exception was the cladoceran Daphnia pulex (L., 1758) complex where the species identity was checked by sequencing a diagnostic mitochondrial DNA gene. Although the common perception now is that genetically different species of D. pulex and D. pulicaria (Forbes, 1893) inhabit temperate Europe than America (e.g., Colbourne et al. 1998; Marková et al. 2007) , recent studies showed the presence in Europe of the North American D. pulicaria (Marková et al. 2007) and of its hybrids with the North American D. pulex (Mergeay et al. 2006 ).
Material and methods
Between late summer and early autumn 2008 (August 27 and October 15), zooplankton samples were collected from 15 Sardinian reservoirs belonging to the main river systems of the island ( Fig. 1 and Table 1 ). Samples were collected at a station located near the dam, in the deepest part of each reservoir, where the depth was always >20 m. In Lake Cantoniera (previously known as Omodeo), the largest reservoir in Sardinia, two other stations in the main basin were also included (in a central area and at the inflow of the Taloro River; Fig. 1 ). All reservoirs were visited once, with the exception of Sos Canales, which was sampled approximately bi-monthly between May 2008 and August 2009.
In all lakes but Benzone, Cucchinadorza, Gusana and Pranu Antoni, the Secchi depth (SD) water transparency, pH and temperature vertical profiles, as well as conductivity, dissolved oxygen (DO), total nitrogen (TN) and reactive phosphorus (RP) were measured on the same date of our sampling (data kindly provided by Ente Acque della Sardegna, ENAS; Table 1 ). Conductivity, DO, TN and RP were analyzed following Strickland & Parsons (1972) (Table 1 ). Data on the morphology, renewal time and trophy of all reservoirs were taken from previous studies (Sechi & Lugliè 1992 Marchetto et al. 2009 ). Qualitative samples were collected via vertical hauls with an Apstein zooplankton net (mesh size 200 µm), from 20 m depth to the surface, and preserved in 90% ethanol.
In Lake Sos Canales, in addition to zooplankton, sediment samples were collected at the same station with an Ekman grab, to inspect dormant stages of crustacean zooplankton. The samples were kept for 6 months at 4 • C in the dark, before being treated according to Onbè (1978) for extraction of cladoceran ephippia and calanoid resting eggs. Both were identified, counted and sorted into hatched and un-hatched specimens. The contribution of each taxon to total abundance was estimated. We ran hatching experiments on 50 eggs/taxa. Each egg was transferred into 5 ml of oligomineral water filtered through 0.4 µm GF/C glass fibre filters, and incubated in a thermostatic cell at a constant temperature of 20 • C, a light intensity of 2.8-3.3 × 10 3 Lux and a photoperiod of 16 h light : 8 h dark for hatching. The culture medium was renewed every other day, and hatchlings recorded daily for one month.
Copepods and cladocerans were identified at least to genus, and in most cases to species level. Identification keys by Einsle (1993 Einsle ( , 1996 , Dussart (1967) and Stella (1982) were used for copepods, while Cladocera (except D. pulex, see below) were identified following Margaritora (1983) and Alonso (1996) . Each sample was counted on at least half of the total volume, to estimate the contribution of the various taxa to total abundance. We calculated the Shannon-Wiener diversity index (H, base 2-logarithm; Shannon & Weaver 1949) , as well as the Evenness index (e) according to Pielou (1966) .
To compare with data on reservoirs of the same biogeographic region, and hypothesizing that differences might be environmental-sound, the body length (prosome + urosome, furcal rami excluded; Einsle 1993) of adults of the ubiquitous Copidodiaptomus numidicus (Gurney, 1909) (50 females and 50 males or, when fewer, all individuals) was measured (under a Zeiss microscope at a magnification of 100×) from samples collected at all the reservoirs and from those collected circa bimonthly from Lake Sos Canales. Differences among lakes were tested using the Kruskal-Wallis H-test.
To highlight the relationships between the relative abundance of zooplankton taxa and environmental variables, we applied redundancy analysis (RDA) after assessing the length of the environmental gradients through DCCA (> 2.5; ter Braak & Šmilauer 2002) . All data were logtransformed, with the exception of water pH. The computer program CANOCO version 4.5 (ter Braak & Šmilauer 2002) was used to perform the analyses. The package STATIS-TICA 6.0 Program StatSoft (StatSoft Inc. 2001 ) was used to perform a cluster analysis based on Euclidean distances with data on reservoirs' morphometry, physical and chemical characteristics of the water and occurring zooplankton taxa.
Determining the species within the D. pulex complex based on morphological characters is notoriously difficult due to the presence of genetically distinct but morphologically cryptic species (Colbourne et al. 1998 ). To check the species identity of Daphnia belonging to this complex from Sardinia we sequenced a diagnostic mitochondrial DNA gene (sub-unit 5 of the NADH; ND5) in three isolates from Lake Sos Canales. Total genomic DNA was extracted from Daphnia stored in 95% ethanol using the QIAGEN (Valencia, CA) DNeasy Tissue Kit. The fragment of ND5 gene was amplified and sequenced in accordance with the PCR and sequencing conditions described by Marková et al. (2007) . Additional data for the D. pulex complex were included from previously published sequences (Mergeay et al. 2006; Marková et al. 2007 ). Nucleotide sequence data from the present study have been submitted to the GenBank database (accession number JN084216). The HKY+G model of sequence evolution (Hasegawa et al. 1985;  with gamma-modelled rate variation among sites) was determined to be the appropriate model for the dataset based on the Akaike information criterion using the jModelTest program, version 0.1.1 (Posada 2008) . Maximum-likelihood phylogenetic analyses were performed using the BEST approach implemented in PhyML 3.0.1, which combines NNI (nearest neighbour interchanges) and SPR (subtree pruning and regrafting) algorithms to maximize tree likelihood, and using the HKY+G model, with the base frequencies A, 0.19; C, 0.19; G, 0.21; T, 0.41; and the gamma shape parameter equal to 0.353. To quantify confidence in the partitioning within the tree, we used the approximate likelihood ratio test (aLRT) implemented in PhyML (Anisimova & Gascuel 2006) and the nonparametric bootstrap test as applied to phylogeny by Felsenstein (1985) , with 1000 replications.
Results and discussion
Classification of the sampled reservoirs Cluster analysis allowed us to identify four main groups, resulting from morphoedaphic traits of the 15 reservoirs (Table 1 ). The largest reservoir (Cantoniera, surface area: 29.35 × 10 6 m 2 ), and the two others (Mulargia and Flumendosa) in the River Flumendosa system were included in Group 1 ( Table 1) . The relatively high altitude reservoirs (Torrei, Sos Canales, Gusana and Monte Lerno) were placed in Group 2 (Table 1) , while shallow reservoirs (Benzone, Pranu Antoni and Cixerri; mean depth < 7 m) with a very short water renewal time (theoretical T-flow < 2 days) were represented in Group 3 (Table 1 ). Our survey also considered reservoirs of intermediate size, altitude and depth (Group 4, including Bidighinzu, Cucchinadorza, Leni, Punta Gennarta and Is Barrocus).
Mean water temperature at sampling time was generally 18-20 • C, with the exception of the lakes at higher altitudes (16.3 and 10.7 • C), Cantoniera (the largest reservoir in Sardinia, 24.6 • C), whose water tempera- ture was measured at the end of August, and Cixerri (23.1 • C; Table 1 ). Secchi depth (water transparency) ranged from 0.75 m in the shallow Lake Cixerri to 9.8 m in Lake Medio Flumendosa (the deepest reservoir in Sardinia). Water pH varied between values close to 7, measured in higher altitude reservoirs (Group 2), and values around 8 in large to medium sized ones (Group 4). The highest pH value (9.2 units) was measured in Lake Cantoniera (the only lake sampled in late August, Table 1 ). Water conductivity ranged from 178 µS cm −1 (Sos Canales, Group 2) to 809 µS cm −1 (Cixerri, the lake at the lowest altitude (39 m a.s.l., Group 3).
Oxygen saturation level varied from a minimum of 48% (Torrei, Group 2) to a maximum of 92% (Cixerri, Group 3). TN and RP concentrations ranged from respective values of < 2 mg P m −3 and 309 mg N m −3 in Medio Flumendosa reservoir (Group 1) to 192 mg P m −3 and 1812 mg N m −3 in the most productive lake (Bidighinzu; Group 4, Table 1 ). The reservoirs were classified as eutrophic (Cantonieria, Mulargia, Gusana, Monte Lerno, Benzone, Is Barrocus, Leni and Cucchinadorza), mesotrophic (Medio Fludendosa, Torrei, Sos Canales, Punta Gennarta) and hyper-eutrophic (Bidighinzu, Cixerri, Pranu Antoni) (Sechi & Lugliè 1992; Marchetto et al. 2009 ) according to the OECD (1982). 
Crustacean zooplankton taxa composition
Overall, we identified 21 crustacean zooplankton taxa, thirteen belonging to the Cladocera and eight to the Copepoda ( Fig. 2A) . Species richness was only slightly smaller than that reported by Calvo et al. (1993) and Alfonso et al. (2010) for permanent lakes in Sicily, although in the latter case, samplings were repeated for the four seasons and in double number of lakes than was ours (30, 25 of which artificial). In our study, the number of taxa/lake varied between a minimum of 4 (in Torrei and Cucchinadorza) to a maximum of 12 (in Cantoniera); 53% of the lakes had a number of taxa > 7 at the time of sampling. Within the copepods, seven were cyclopoids, and only one was a calanoid (Copidodiaptomus numidicus Gurney, 1909). The latter was the only species with a geographical distribution restricted to the Mediterranean area and North Africa (Armengol 1980; Cherbí 1984) . This species was found in all reservoirs, at different levels of relative abundance. When largely dominant, as in the case of Lake Gusana, it was the only copepod species present. Cyclopoids included taxa of a large to very large body size (1.9-2.5 mm; Einsle 1993), namely Macrocyclops albidus (Jurine, 1820), Megacyclops gigas (Claus, 1857), M. viridis (Jurine, 1820), and of the Acanthocyclops vernalis-robustus species complex (Sars, 1863) (Blaha et al. 2010) . Species in the Cyclops abyssorum group (Sars, 1863) were also found (in Sos Canales and Torrei; Figs 2A, B) . As for the smaller-sized taxa, Mesocyclops leuckarti (Claus, 1857) was found in Lake Monte Lerno at a low abundance, and Thermocyclops dybowski (Lande, 1890) was observed in Cantoniera, Is Barrocus, Bidighinzu and Medio Flumendosa.
Of the small-sized cladocerans, Bosmina longirostris (O.F. Müller, 1776) was found in most reservoirs (11), in one case (Lake Sos Canales) representing a large proportion of total zooplankton abundance (Figs 2A, B) . Ceriodaphnia pulchella (G.O. Sars, 1862), and C. reticulata (Jurine, 1820) were almost ubiquitous; in some cases (particularly in Torrei, Mulargia, Medio Flumendosa, Cucchinadorza and Punta Gennarta), the former made up the largest proportion of total zooplankton abundance. Chydorus sphaericus was detected in hyper-eutrophic and eutrophic reservoirs (such as Cixerri, Cucchinadorza and Cantoniera). In addition, Leydigia leydigi (Schödeler, 1862), Chydorus sp. and Alona affinis (Leydig, 1860) were found in lakes Mulargia, Monte Lerno and Pranu Antoni, respectively, although at very low (< 2% of the total) abundance. Two species of the genus Diaphanosoma, D. lacustris (Kořínek, 1981) and Diaphanosoma sp., were found in 9 of the 15 reservoirs, and with a remarkable abundance in Lake Is Barrocus. Moina brachiata (Jurine, 1820) was found in lakes with a relatively high conductivity (Table 1 and Fig. 2A ).
The Daphnia genus was well represented in the sampled reservoirs (in 9 out of 15). We observed species of the D. pulex group (putative D. pulex Leydig, 1860; after Margaritora 1983, see below) and of the D. longispina group (as defined in Petrusek et al. 2008b; Thielsch et al. 2009 ) with parental species and hybrids. Previously, D. pulex had only been reported from fishless temporary ponds in Sardinia; this is the first record of the presence of this species in lakes with fish like the Sardinian reservoirs. In eight reservoirs, we only detected species of the D. longispina group, while in one case (Sos Canales), they coexisted with D. pulex.
Genetic analyses of Daphnia pulex
The phylogenetic analysis of the ND5 gene sequences unequivocally placed the putative D. pulex isolates from Lake Sos Canales within the American D. pulex clade, which is clearly distinct from the European D. pulex (Fig. 3) . Moreover, the haplotype carried by the Sardinian isolates was identical to the homologous part of the haplotype carried by an asexual clone described by Mergeay et al. (2006) as being widely distributed throughout eastern and southern Africa. Mergeay et al. (2006) inferred that this clone was actually a hybrid between the American D. pulex and American D. pulicaria that recently invaded Africa and has spread and replaced native D. pulex throughout its African range (Mergeay et al. 2006) . Although Mergeay et al. (2006) did not find the invasive clone outside Africa, they refer to a previously published 12S rRNA mitochondrial gene sequence from Spain as being identical to the 12S sequence of the invasive African clone (Mergeay et al. 2006) . Our results for the isolates from Lake Sos Canales in Sardinia unequivocally demonstrate that Daphnia carrying the ND5 sequence of the invasive clone occur in the Mediterranean region of Europe (Fig. 3) . Although it remains to be demonstrated whether Daphnia in Sardinia with this mtDNA clone actually belongs to the invasive hybrid lineage, the significance of this finding should not be underestimated. This clone replaced native D. pulex throughout Africa within 60 years of its introduction (Mergeay et al. 2006) , and although it is presently known to occur in Europe only in the Mediterranean region, it presents a real threat to Daphnia populations elsewhere in Europe.
Diversity and seasonality
The Shannon-Wiener diversity index (H ) and evenness (e; Fig. 2A ) did not appear to be influenced by lake size and depth: their maximum values were observed in Lake Sos Canales, one of the smaller lakes at a relatively high elevation. Eight zooplankton taxa were detected in this reservoir, including D. pulex, D. longispina, the ubiquitous C. pulchella, the rarer C. reticulata, B. longirostris and Diaphanosoma sp. The copepod taxa observed were C. numidicus, M. albidus and a species of the C. abyssorum group, present at a lower proportion. Diversity and evenness were also relatively high in Lake Benzone, which is also in the group of shallow lakes (Group 3; Table 1 ). All but D. pulex were common, widely distributed cladoceran taxa, already included in the inventory from inland, mainly temporary, waters of Sicily (Marrone et al. 2006b) , and from temporary ponds of Sardinia and Corsica (Margaritora 1975) . Up to eight copepod species were found, seven of which being small to large-sized cyclopoids, and only one of calanoids, namely, the ubiquitous C. numidicus. The latter was one of the nine calanoid taxa reported from temporary ponds of Sicily (Marrone et al. 2006a ).
The lowest diversity and evenness were observed in Torrei ( Fig. 2A) , where a single species (C. pulchella) accounted for > 80% of the total abundance.
Both H and e can vary widely throughout the seasons. An analysis of seasonal changes based on bimonthly samples collected from 2008 to 2009 in one of the studied reservoirs (Sos Canales) indicates that H and e were highest in September -October (Fig. 2B) . This suggests that, in agreement with data in literature, the time of the year selected for our survey of crustacean zooplankton taxa was appropriate (Manca & Armiraglio 2002; Tolotti et al. 2006) for the detection of adult stages of copepods and of most cladoceran taxa in the various reservoirs. The Cladocera were especially well represented, with Bosmina and Ceriodaphnia coexisting with both the large D. pulex and the smaller D. longispina gr. As further suggested by the seasonal data on Lake Sos Canales, Ceriodaphnia's ability to grow in all seasons may explain its ubiquitous presence in reservoirs (Figs 2A, B) . In Lake Sos Canales, Ceriodaphnia became dominant in June-August, replacing Bosmina longirostris, which tended to dominate between September and March (Fig. 2B) .
Bosmina longirostris disappeared from the water column in summer, probably after the production of ephippial eggs, which were found in significant numbers in the surface sediments of the lake. Bosmina ephippia represented the largest fraction of total ephippia recovered from the sediments (550 out of 794, corresponding to 69% of the total ephippia found). They resulted viable in non-negligible numbers (15% of total eggs), suggesting that hatching of ephippial eggs may be important for yearly recruitment of Bosmina specimens into the water column (Hairston 1996) .
Similarly, the persistence of C. numidicus throughout the year in Lake Sos Canales may be related to its ubiquitous presence in all sampled reservoirs (Figs  2A, B) . Such persistence suggests that, unlike the situation observed in temporary ponds, this species does not rely upon the production of resting stages in reservoirs. Our results seem to confirm those previously reported by Stella (1970) , who found that only subitaneous eggs were produced in perennial water bodies, while resting eggs' production was confined to temporary water bodies.
Body length of Copidodiaptomus numidicus
Adult body length of C. numidicus from the 15 sampled reservoirs ranged from a minimum of 0.90 mm (in Sos Canales and Monte Lerno lakes) to a maximum of 1.62 mm (in Lake Punta Gennarta; Table 2A ). Differences in the size of adults from different lakes (Kruskal-Wallis H-test: 14, n = 1401) resulted highly statistically significant (P < 0.001). The differences were also statistically significant when data on the various segments of the adult population (i.e., males, females and ovigerous females) were compared for the different sites. Males' body length ranged between 0.90 (in Sos Canales and Monte Lerno lakes) and 1.37 mm (in Lake Punta Gennarta). Ovigerous females measured between 1.44 (in Lake Punta Gennarta) and 1.07 mm (in Lake Monte Lerno). Overall, specimens from the 15 reservoirs tend to be smaller than those reported by Stella from temporary ponds in north-eastern Sardinia. They are also generally smaller than those reported from reservoirs in Portugal (Parra et al. 2009 ), except for three sites (lakes Punta Gennarta, Torrei, Is Barroccus) where body length was fully comparable to data in the literature.
Smaller body sizes are often observed in permanent reservoirs compared to temporary ponds. This fact may be explained by factors such as predation, as predation by invertebrates encourages zooplankton to grow larger in ponds, while fish predation in lakes favours smaller body sizes (e.g., Brooks & Dodson 1965) . Clutch size (n. eggs clutch −1 ) was correlated with the body length (BL, expressed as logBL) of ovigerous females at highly statistical level (Pearson product moment r = 0.65; P < 0.005; n = 314). It increased with algal nutrients' concentration, and was inversely related to water transparency, thus suggesting dependence from food availability (e.g., Maly 1973) .
Community structure and environmental variables
Relationships between zooplankton community composition and environmental variables were highlighted by means of an RDA biplot (Fig. 4) . We used lake altitude as a substitute for water temperature, to which it was significantly correlated (Pearson product moment correlation coefficient r = 0.782; P < 0.01; n = 11).
Overall, the first four RDA axes accounted for 77.4% of the total observed variance, of which 56.4% was explained by the first two RDA axes, shown in the biplot (λ 1 = 0.318; λ 2 = 0.24). We interpreted the first RDA axis as being correlated to lake productivity, with lakes of increasing total nitrogen and reactive phosphorus concentrations on the right side of the graph. Species such as Thermocyclops dybowskii Lande, 1890 and Diaphanosoma sp. were positively correlated with this first axis. The second RDA axis was interpreted as being more related to morphological and hydrological variables, allowing us to separate reservoirs with longer theoretical water renewal times (T-flow), greater mean depth, higher altitudes and higher water transparency. This second axis was associated with species such as C. reticulata, positively correlated with altitude and T-flow, and C. pulchella, positively correlated with water depth (Zm) and transparency (SD). The latter observation is consistent with report of Alonso (1996) of C. pulchella in clear water bodies, with a relatively low pH and conductivity and relatively low productivity (based on RP and TN). Lakes with lower T-flow rates (represented on the upper half of the biplot graph; Fig. 4 ) seem to be more characterized by the species Chydorus sphaericus O.F. Mueller, 1785. The latter is reported to prefer littoral or shallow water bodies. In deeper water bodies, it is associated with the occurrence of Cyanobacteria (Armengol 1980; Alonso 1996) . We also observed that Moina brachiata was more significant at higher conductivity and pH levels and lower water transparencies; this observation was in agreement with finding of Alonso (1996) that the species prefers turbid waters, with a relatively high pH.
The RDA biplot also points out the increasing importance of cycloploid copepods, namely T. dybowskii and M. viridis, as productivity increases. This result is in agreement with data in the literature on lakes and reservoirs in general (Gliwicz & Lampert 1990; Patalas 1972; Gannon & Stemberg 1978; Karabin 1985; Rosenzweig & Abramsky 1993; Pace 1986 ). The positive correlation of T. dybowskii with the first RDA axis may also be interpreted as an indirect indication of herbivory, as already suggested by Hopp et al. (1997) and Caramujo & Boavida (2000) .
Conclusions
Over the past 100 years, a considerable number of reservoirs (> 35) have been built in Sardinia, in areas with different elevations, geological features and land use factors. Previous zooplankton surveys have mainly focused on temporary ponds, from which a number of rare and endemic taxa were reported (Stella 1970; Cioglia et al. 1969) . Data on the zooplankton of reservoirs are restricted to one single case (Lake Monti Pranu) in the south-western part of the island (Cioglia 1969) . In a first attempt to investigate the crustacean zooplankton communities of Sardinian reservoirs, we analyzed 15 reservoirs from different areas of the island, with a range of morphometrical, hydrological, hydrochemical and productivity characteristics.
We found that lake trophy, water depth, renewal time and altitude explained a significant proportion of the total variance observed in taxon composition and community structure.
The ubiquitous presence of C. numidicus was linked to the detection of subitaneous eggs throughout the year (in Sos Canales, the reservoir in which seasonal changes were analyzed). This result, along with the fact that no resting eggs of this species were detected in the surface sediments, seems to confirm that C. numidicus can change its reproductive strategy in permanent water bodies (Stella 1970), relying solely upon the production of subitaneous eggs. A similar change in reproductive strategy was reported by Stella (1970) for another species typically found in Sardinian ponds, Mixodiaptomus kuppelwiseri (Brehm, 1907) , when it occurs in permanent water bodies.
In temporary water bodies, the production of resting eggs is generally relevant for the annual recruitment of populations (Dahms 1995 (Dahms , 2006 . In the case of the reservoirs we investigated, however, an active egg bank was found only for small cladocerans of the species B. longirostris, C. pulchella and C. reticulata.
Similarly, we observed that all segments of the adult population had smaller body sizes in reservoirs than in temporary ponds. This result is in agreement with literature data according to which a different role of fish/invertebrate predation might be responsible for these differences. Further studies will be necessary to clarify this aspect and to investigate the impact of flatworms such as Mesostoma sp., which was found in nonnegligible numbers in some of the investigated sites, similarly to what was observed by Caramujo & Boavida (2000) in Portuguese reservoirs.
Finally, the presence of D. pulex, previously reported only in Sardinia fishless temporary ponds, sometimes in association with D. longispina, is of particular interest because this species carries the molecular marker of an invasive genotype. It is also of interest with respect to the role of fish and invertebrate predation in these permanent waterbodies.
